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Accuracy of Carotid Duplex is Laboratory Specific and Must be 
Determined by Internal Audit 
P. J. Curley ~, L. Norrie 1, A. Nicholson 1, J. M. D. Galloway and A. R. W. Wilkinson 
Department of Vascular Surgery and iRadiology, Hull Royal Infirmary, U.K. 
Objective: To assess the accuracy of carotid duplex in a single vascular laboratory at the prediction of an angiographic 
70% internal carotid artery stenosis. 
Design: A retrospective r view of all patients who underwent both carotid duplex and angiography in a 1-year period at 
a vascular unit which participates in the ACST trial. 
Methods: Peak systolic velocity was used as a primary end-point in carotid duplex examinations with a PSV >130 cm/s 
used as an indication for angiographic assessment. Biplanar arch aortography and selective carotid catheterisation were 
performed as indicated and diameter eduction calculated by the ECST method. 
Results: The sensitivity of 130 cm/s for the detection of a 70% stenosis was 96% and the specificity 67%. If a PSV of 
250 cm/s were used the sensitivity would be only 37% and specificity 96%. 
Conclusions: Applying duplex criteria from one centre to another is inappropriate. Laboratory specific audit of duplex 
and angiography is essential before deciding to abandon preoperative angiography for carotid disease. 
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Introduction 
The most appropriate management of angiography 
proven high grade carotid stenosis in symptomatic 
patients has been clarified by the publication of the 
North American Symptomatic Carotid Endarter- 
ectomy Trial (NASCET) 1 and the MRC European Ca- 
rotid Surgery Trial (ECST). 2 Both trials showed a 
benefit in patients with high grade stenosis (greater 
than 70%) when surgery was compared to best medical 
treatment, including Aspirin. Both trials used angio- 
graphy to classify the degree of stenosis present in the 
internal carotid artery. Angiography remains a low- 
risk procedure when performed by specialist ra- 
diologists yet many centres now recommend carotid 
endarterectomy on the basis of duplex results alone. 
Before this practice is widely adopted it is vital that 
each centre stablishes the correlation between duplex 
and angiography in their laboratory, s High sensitivity 
of duplex - if at the expense of specificity - may lead 
to over-diagnosis of significant carotid stenosis. By 
corollary, high specificity may not identify all cases of 
carotid stenosis uitable for surgery. 
~Please address all correspondence to: P. J, Curley, Consultant 
Surgeon, Pinderfields Hospital, Aberford Road, Wakefield, WF1 
4DG, U.K. 
Neale et al. 4 have reported differences between 
methods of duplex assessment of carotid stenosis when 
comparison is made with angiographic findings. These 
difficulties in allocating patients to a high grade sten- 
osis angiographic group make the interpretation of
the duplex findings difficult. We have performed an 
audit of the correlation between duplex and angio- 
graphy over a 1-year period at Hull Royal Infirmary 
and compared the accuracy of duplex versus angio- 
graphy at different peak systolic velocities recom- 
mended in the literature to identify haemodynamically 
significant stenosis. 
Patients and Methods 
Patients 
The records of all patients who had undergone a
duplex scan and biplanar angiography over a 1-year 
period were reviewed. 
Duplex scan 
All scans were performed by one of three experienced 
Vascular Sonographers who had undergone quality 
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control assessment under the ACST protocol which 
has been published previously. A 5 MHz probe was 
used on a Diasonic Spectra colour Doppler Ultrasound 
machine. Peak systolic velocity in the common carotid, 
internal carotid and external carotid arteries were 
recorded using an angle of insonation between 50 and 
60 degrees. In excess of 400 carotid duplex scans are 
performed annually and the service had been in place 
for over 5 years at the time of this audit. It was the 
practice in the unit to recommend angiography if a 
peak systolic velocity over 130 cm/s was identified in 
the internal carotid artery. This velocity has been 
shown in a previous audit to give a sensitivity of over 
95% and a specificity of approximately 65% for the 
detection of an angiographic 70% internal carotid dia- 
meter reduction. The contemporary sensitivity and 
specificity of this velocity as an indicator of significant 
disease was evaluated in this retrospective r view of 
duplex scans and arteriograms from 183 carotid ar- 
teries imaged over a 1-year period. Although 97 
patients were included in the study there were 11 
internal carotid arteries where only one form of im- 
aging was available for review and these were ex- 
cluded from the analysis. 
Angiography 
A 5-French Pigtail catheter was used for arch views 
and Sidewinder II catheters for selective carotid cath- 
eterisation using a right femoral puncture. 50 ml of 
Omnipaque 300 were infused with a pump and views 
taken in two planes to show arch and carotids. If good 
quality views of the carotid bifurcations were obtained 
then selective catheterisation was not routinely per- 
formed. Selective catheterisation was performed in 
cases of doubt or where the duplex findings were not 
confirmed with arch aortography. Measurement of 
internal carotid artery stenosis was performed using 
the ECST criteria, 5 since this unit was a participant in 
the trial. 
Results 
One-hundred and eighty-three carotid arteries imaged 
on both duplex and arteriography were reviewed. The 
median delay between duplex and angiography was 
49 days (interquartile range 23-72). 
Accuracy of duplex for the detection of ICA occlusion. 
Duplex scanning demonstrated unequivocal occlusion 
in 23 arteries; 22 were confirmed to be occluded at 
angiography while one was found to be patient. Six 
further occlusions at angiography were said to have 
Table 1. ICA Occlusion, duplex versus angiography. 
Duplex Duplex 
occlusion patency 
Angiographic 
Occlusion 22 6 
Angiographic 
patency 1 154 
Sensitivity = 79% (*); specificity = 99.5%; PPV = 96%; NPV = 96%. (* !) 
When the five vessels where there was a suspicion of occlusion are 
excluded, sensitivity equals 99.6%. 
Table 2. >70% stenosis, duplex versus angiography (PSV >130). 
PSV >130cm/s PSV <130 cm/s 
Angiographic >70% 59 3 
(false-negative) 
Angiographic <70% 30 62 
(false-positive) 
Sensitivity = 96.2%; specificity = 67.4%; PPV = 66%; NPV = 95%. 
Table 3. >70% stenosis, duplex versus angiography (PSV >250). 
PSV >250 cm/s PSV <250 cm/s 
Angiographic >70% 23 39 
(false-negative) 
Angiographic <70% 4 88 
(false-pOsitive) 
Sensitivity =37%; specificity=96%; PPV=85%; NPV=69%. 
been patent at duplex. However, all but one were 
recorded as damped or sub-totally occluded and the 
likelihood of occlusion was raised. The sixth patient 
had a duplex velocity of 151 cm/s and the time delay 
between duplex and arteriography was 9 weeks. The 
overal sensitivity of duplex for the detection of internal 
carotid artery occlusion was therefore 76%, specificity 
of 99.3%, positive predictive value 95%, negative pre- 
dictive value 96% (Table 1). 
Accuracy of duplex for the identification f a 70% stenosis, 
Excluding the 29 arteries occluded either at duplex 
or angiography, 154 arteries were evaluable for the 
accuracy of duplex at identifying a 70% or greater 
stenosis. A peak systolic velocity of 130 cm/s was 
associated with a sensitivity of 95%, specificity of 67%, 
positive predictive value of 65%, negative predictive 
value of 95% and overall accuracy of 78% for the 
detection of an angiographically demonstrated sten- 
osis of greater than or equal to 70% (Table 2). 
A peak ICA systolic velocity of 250 cm/s was as- 
sociated with a sensitivity of 37%, specificity of 96%, 
positive predictive value of 85% and negative pre- 
dictive value of 69% for the detection of a 70% ICE 
stenosis (Table 3). 
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Fig. 1. Receiver operator curve (ROC) for the detection of an 
angiographic stenosis of 70% or more based on the ICA peak systolic 
velocity on duplex. The velocity cut points are for ICA PSV readings 
of 300, 250, 150 and 130 cm/s.  
At whatever PSV chosen, increased sensitivity can 
only be achieved at the expense of specificity and vice 
versa (Fig. 1). 
Discussion 
Carotid endarterectomy for symptomatic patients with 
greater than 70% diameter eduction of the internal 
carotid artery has been demonstrated to be the most 
effective treatment in stroke prevention. 1'2Some au- 
thors argue that investigation of symptomatic patients 
can be limited to duplex alone, avoiding both the 
expense and the potential complications of angio- 
graphy. 6 Before such a policy can be widely applied 
it is important to review the data on duplex assessment. 
Faught et al. 3 reviewed arteriograms and duplex results 
on 770 carotid arteries. When a peak systolic velocity 
of >140 cm/s was used as an indication of a 70% ICA 
stenosis the overall accuracy was 86.6%. Other authors 
can achieve accuracy of 73.4%-80% 3,7 (Table 4). 
In order to achieve higher specificity for Doppler 
examination, sensitivity will fall) This will lead to 
increasing numbers of false negative duplex ex- 
aminations and hence the exclusion of patients who 
might benefit from surgery. Moneta et al. 7 reported a
sensitivity of 91.4% and specificity of 82.5% for the 
detection of a >70% stenosis when a peak systolic 
velocity of 250cm/s was chosen. Using the same 
criterion Faught et al. 3 reported sensitivity of 53.4% but 
specificity of 97.3%. The current series demonstrates 
findings similar to those of Faught with a low sensi- 
tivity of only 37% but a high specificity of 96%. The 
reasons why a given velocity may be associated with 
such variations in correlation with angiography may 
in part be due to some of the inherent potential for error 
during duplex imaging. Thrush et al)  have reported up 
to 60% error in peak velocity measurements which 
is machine dependent and due to intrinsic spectral 
broadening. A recently published review of the duplex 
data from the ACAS study 9has revealed that in only 
21% of duplex machines used in the study could a 
sensitivity of 80% for the prediction of a 60% stenosis 
be achieved. In some centres a peak systolic velocity 
of 151 cm/s had a positive predictive value (PPV) of 
90% and a sensitivity of 85%, whilst in another a 
PSV of 407 cm/s had the required PPV of 90% but a 
sensitivity of only 28% for the detection of a >60% 
stenosis. The authors again stress the importance of 
internal audit in any centre using duplex for carotid 
artery assessment prior to surgery. Kuntz et al. 1° have 
also recently stressed the importance of each duplex 
laboratory determining in house criteria for the iden- 
tification of significant carotid stenosis. In their series 
the optimum duplex criteria for the identification of 
significant stenosis was a PSV >229cm/s in one 
laboratory and >340cm/s in the other laboratory 
studied. 
Since our internal audit shows sensitivity and speci- 
ficity similar to that published by other groups, we 
feel that we are unlikely to miss patients uitable for 
carotid surgery by setting a peak systolic velocity of 
130cm/s as our indication for further investigation. 
In our hands using the criteria suggested by Moneta 
would have failed to identify 63% of ICA stenoses 
suitable for carotid endarterectomy, not dissimilar to 
Table 4. Similar PSV readings from different laboratories are associated with quite different sensit ivity and 
specif icity for the detection of a 70% stenosis. 
Author Criterion Sensitivity Specificity PPV NPV Accuracy 
Faught s PSV >140 96.2% 84.6% 56.6% 99.1% 86.6% 
Moneta 7 PSV >140 98.3% 61.9% 54.3% 98.7% 73.4% 
Neale ~* PSV >130 97% 72% 62% 98% 80% 
EDV > 40 
Notes: 1. All papers refer to the NASCET method of calculating % ICA stenosis. 2. Neale et al. (*) use these criteria 
to indicate the presence of a 60% ICA stenosis, not 70% as the others use. 
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the 47% reported by Faught. It is also important o 
note that using a low PSV such as we do does not 
have 100% sensitivity and three significant stenoses 
were not identified by duplex alone. 
In this study duplex had a high specificity (99.5%) 
for the detection of internal carotid occlusion. We 
feel justified in omitting angiography to confirm this 
diagnosis. However, we would strongly advise that 
in laboratories where the specificity of duplex at de- 
termining carotid occlusion is either unknown or lower 
than ours, then angiography should remain the "gold 
standard" examination. 
Like others, we would urge all laboratories to audit 
duplex and angiography in their own practice. The 
application of criteria for the detection of carotid sten- 
osis determined by other investigators on a variety 
of duplex machines does not necessarily translate to 
another laboratory. 
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